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ABSTRACT 



Compoxinds which suppress human T-lymphocyte proliferatioii 
are disclosed. The active compounds essentially contain at least the 
following structure: 
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NOVEL AMINOMETOYLENE-PEPTTOES 
AS IMMUNOSUPPRESSANTS 



FIELD OF THE INVEMTION 



The invention relates to methods and compounds for 
controlling inflammatory processes in humans through mediation of 
inflammatory cell proliferation. More particularly, the present 
invention is a method for suppressing T-lymphocytes using a class of 
novel compounds. 



BACKGROUND 

Compounds which retard the production of cytokines such as 
interleukin-2 (IL-2) are known. For instance, U.S. Patent No, 
4,764,503 assigned to Sandoz Ltd,, Basel, Switzerland, describes a 
compoimd generically referred to as Cyclosporin A (hereinafter 
referred to as "CsA"), and U,S. Patent No, 4,894,366 assigned to 
Fujisawa Pharmaceuticals, Osaka, Japan, describes a compound they 
designate as "FK506." Both CsA and FK 506 are claimed to inhibit IL- 
2 production and bind to cellular receptor proteins that possess 
Peptidyl Prolyl Isomerase (PPIase) activity (Johansson et al., 1990, 
Transplantation 50:10017). 

It was initially postulated by those skilled in the art that the 
specific binding by such compounds to PPIase type proteins led to 
inhibition of the protein's isomerase activity which, in turn, led to 
inhibition of T-ceU proliferation. Thus, these PPIase type proteins 
were referred to as "immimophiUns", with the cellular receptor 
proteins that bound to CsA and FK506 being referred to as 
"cydophilin" and "FKSOe binding protein", respectively. FK506 
binding protein is also simply referred to as "FKBP" (Harding et al.. 
1989, Nature 341:758). 
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in and ^S^? n"™?:^^^^^^ ^^P^^^-e activity 

However, there is supp^^^^Z aaivity. ^' 

PPIase-type enzymes'^^obablf contS^S^^^ that inhibitory binSng to 
suppression (Sigal et L 199!!^ Med fySf ^""^ 

that b^suppr^^fS^Ho^ ^.^^ °' compounds 
isomerase a^^viS^of^f^^l^^^ofp^-^^^^ -^1 inhibit tEe 

as an Sfjn'ct^jfo'rg^^t^S^^ -PP-vai for use 

administered with S^tS^SlTo E-IT "^^^ However. CsA is 
prescribed in situaSo^°v5.^e Currently. CsA is 

the risks of its therapeutic comSfcIS^L ° ^^^^^°t outweigh 

life ^^i^'ln1^^S:Z^^i%l^^^ 
automimune disorders hav*. i- maintenance of 

effeas of this drSg ^le u7e ofSiJ^S'^ well-known side 

including: nephrolox^d^ su^ Sti?'*' '° ^ ^^^^>' disorders 
and iireversible interstiti^ fiSoTis^^o^^'. «^o°^erular filtration 
Nephrol. 1:162); neSSo^cS dSo>f ' ^^^1' J" Soc. 
non-specific ce^^br^S^iu^Tno"?" ^..^^^^l^taiy tremoi^. or 
Groen et al. 1987. N. S^j, fn^.^^^^ headaches (De 
hypertension with rr,y^r^i.d J -^i/.sei); and vascular 
1989. N. E:^:7^!rr^'j!:l^^^^^^^^ therefrom (Kahan et al.. 

CSA aS^tS^on ^LTcSSd ^n^S^^ ^^^^^ of 
toxic metabolites (Bowers et af i oQo o °?u°^ ^ breakdown into 
aJ. 1990. TransplantatS 50 90n ^^-^^^S; Burke et 

CsA toxicity is due to su^ met.H«^l^^ prevailing thought is that 
the C^ binding to Se PWaS '^^^SIaT 
Med. Res. 19:l; Ryffel et al.. l'^ T?^ii^^-\^^^^^^^^^^ i- ^nt. 

structJSfy.^'b'S^/,^??^^^^ -emble CsA 

therapeutic appUcatioS SS?;on r« "'"'"^ amenable to 
benefit the ax?^espea5?y for^oS^fa^'T^.^^^^^PP^^^ors would 
m the treatment of autolmmu^Si?ordS^^''°'' '"^ ^ ^^"^^^ 
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The compound FK506 is structuraUy different from CsA and 
does not produce the same t>pe of toxic metabolites. FKS06 has been 
Shown to be effective in some transplant patients who do not 
respond to CsA (Tucci et al., 1989, J. Immunol. 143:718). 

However, testing of FK506 in humans was delayed due to 
severe vascuUtis observed in treatment regimens in dogs and 
baboons (Collier et al., 1988, Transplant Proc. 20:126). Furthermore 
other chnical side effects and compUcations of FK506 administration 
are bemg reported (Frayha et al., 1991, Lancet 337:296; Kitahara et 
aJ., 1991 Lancet 337:1234). It has also been reported that "overall 
the absolute rate of clinical rejection in FK506 [post-organ 
transplantation] patients is only slightly lower than with current 
standard therapies" (Holechek, 1991, Anna. J. 18:199). 

In an attempt to alleviate the FK506 side effects, many minor 
modifications to the base structure have been reported. For example 
U.S. Patent No. 5,057,608 assigned to Merck & Co. and WIPO 
Publication No. WO89/05304 assigned to FISONS PLC Inc. both 
disclose chemical variations of the FK506 compound. 

To date only a few studies on the metabolism of FK506 have 
been published, and little information has been reported on the 
Sfn'J^-^^i^ metaboUtes (Johansson et al., 1990, Transplantation 
50:1001; Christians et al., 1991, Clinical Biochemistry 24-271- Lhoest 
et al., 1991, Pharmaceutica Acta Helveticae 66:302). Since it is likely 
that the pattern of metabolism of the FK506 analogs and derivatives 
are simUar to die parent compound, it is also likely that many of the 
side effects of FK506 will be shared by the derivatives. 

As is true forTIsA, the toxicity of FK506 is postulated to be 
based on its structure and not due to its binding activity with the 
unmunophilin FKBP. It is furtiier postiilated tiiat die toxicity of 
compoimds such as CsA and FK506 are due to various chemical 
groups found in these structures which do not participate in the 
mimunosuppressive activity, such as tiiose groups which result in die 
tojQC metabolites of CsA bio-processing. Thus, relatively compact 
molecules which do not resemble eitiier CsA or FK506. and which 
have both immimo-suppressive and PPlase binding activity should 
be free of side effeas associated with CsA and FK506 
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The present invention presents a novel class of synthetic 
inhibitor compounds. The novel class includes synthetic 
aminomethylene derivatives that bind to human FKBP-type PPIases 
and demonstrate human peripheral T-lymphocyte inhibitory activity. 

Amino-methylene derivatives are known. For example, 
several daimed amino-methylene HIV inhibitors have been 
published including WIPO WO 90/00399 assigned to Smithkline 
!n?S^TSn?;^,f^? EP 0387231 assigned to Washington University, 
and EPO EP0361341 assigned to MUes hic, by assignment from 
Mdiecular Therapeutics, Inc. SimilarUy, amino-methylene inhibitors 

published, including EPO EP 
0374097 assigned to OBA Geigy AG. Also published are amino 
methylene compounds which are claimed to be tiierapeutics for 
neurologic dysfunctions such as EPO EP 374,756 assigned to Merck 

As used herein, the term "aminomethylene-prolyl spacer" 
refers to a peptide fragment in which the carbonyl of the central 
amide bond has been replaced by an alkyl fragment such as a 
methylene group. 



R*R*N 



«. RR-N I j'Y^ 

X X ° 

^f"Wo;f "oM ' Airtnomethylene-ProM 
Derivatives Derivatives 



(I) 



^« is therefore an object of the present invention to provide for 
compounds and compositions containing such aminometiiylene 
derivatives for suppression of patiiological and abnormal human 
peripheral T-lymphOQae proliferation. 
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Class of ™mS,undtf.Jab *for^herf " "^"""^^ = "-^ 

suppress PaLlogicIl^^l'^rSSSl^TuST^H^'r " 

ar.sL\"„eX°asrs!rrr"^?-^^^ 

of transplanted organs o°tls?uS?u^ Prevention of rejection 

bone narrow, sld/grafS! S rlpVac^S'^l^"'' 

methods'^for'^^to SS^^i^^,"*^^^ compounds, compositions and 
inflammato^ |r?liSraHv^?nH ^^tolnunune, degenerative. 

rheumatoidli,C^%3?e<> JSii^S"'?"'^""' ""^^^^^ ^""^ " 
joint •nn2xn^^nsi^^^!S',^^!j'-^V''™'''^ diseases, 
suppurative ^^iZTs^^^^^^Z^^tS^^' '"^ 

metho^°f*°;se totte Se^^^r f^"'^'''^' •^"-"Positions and 

dermapiSde?^Soi^-he£^^^^ ^° dermatitis, eczematous 
vascuntides, ex^^eia.— JSeS^^^^^ 

methJS'fru'^e'in^S.rtrt'^^^^^^ composition, and 

such as lymphoc^cIetS^ Hn?a?'^°^^ ^-^^ proliferation 
subtypes^vol^lbnS T^^^.^?K ' '^"f espedaUy those 
lymphomas. suchL S^c^^f^J^i^^^^^ 
lymphoma, and i-nun^obll&^%~^^^^^ 

present Sl'^S^o otST^^^^^^^ of the 
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SUMMARY OF THF ff^Vy.MT|/^f.; 




Where (^D 
n = an integer of 2 or 3; 

Rl is hydrogen or methyl 

bached alkyl groups may be suSed^y 'cySS^^'S's^:^"' 



O 
II 

►5 



— CH-C— X2— Ri 



where 

-S-Sf^-^TbS-ffloxy ,C1- 
C4) or straight or branched alkyl (C1-C4). aiKoxy (Cl- 

is straight or branched alkvl (Cl-d^ ia/w^i, 
substituted with phenyl. ^^^-CS), which may be 

X2 is oxygen or NRiO, whef^ RlO is hydrogen. 
A is either hydrogen, the amino acid derivative 

^~*^6~^<~"' or the fragment -C-^E^— R» 
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where 

R6 is a straight or branched alkyl group (C1-C4) that mav be 

"iS^Tf (C6), phlnyl,^sUht ofbSed 

hv S carboxamido, or phenyl substituted 

b?aS?2SXTrc?i4r^^'' °^ ~ - 

Pn^P^f '■^<^etyl, an amino add. an alkoxycarbonyl (- 

C02R ) where R is a straight or branched alkyl group (C1-C8) 
which may be substituted by phenyl or an alicene (C2-C6) or an 
amino aad derivative in which the nitrogen is substituted bv T 
IT.^unlJ'u^f^'^ alkoxycarbonyl (Cl<:6) that m^be 
substituted by phenyl or an alkene (C2-C6). 

E is oxygen. 

m is an integer of 0 or 1. 

R8 is hydrogen, straight or branched alkyl (C1-C7) which ma^, 

XI is oxygen or NR9, where R9 is hydrogen or methyl. 

nh. 'J-^'^iV^^ ^^°P^ °f Present invention are 

S^^^'^'S^ acceptable salts of the above mentioned 
Sni'^'i^HH ^^^^^^:^^<^y acceptable salts can be d^ved from 

:?p^h5S^rs^o^n?f^^^^^^^^^^ 

In the case of the present compounds beine carboxvlir a^Mc «^ 
containing acidic functional groups, the invSn^S m«^ sSts 
and ^omum sa^. Preferred are sodium. potassiiWo? 
ammomum salts. The compounds of this invaation SS^ L 
stereoisomeric forms, which either behave like imaeeand m!rr«r 
image (enanUomers) or not (diastereome^rLduded^tS^Se 
scope of the mvention are the enantiomers the raceSc^^ S weU 
as diastereomenc mixtures. Enantiomers a^ well <SSterS^ 
can be separated by methods known to those skilledlTSr^ 
(compare E.L EHel. Stereochemistry of Carbon ^mpo'un^t^cGraw 
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The presently claimed invention also relates to activ*. nr,rr,r... ^ 
Which essentiaUy contain at leas, one ^?Se foUo^| s^^t 



0=C— x'-2 



A 



Where (1°) 
n - an integer of 2 or 3; 

Ri is hydrogen or methyl 

Sp^'i^^-^^f ^ °f and R3 is hydixjgen and 

&^iSyr=j^^^^^^^^^ 

^^»z°Lf iJsi^^^^^^^ may he substituted 



o 

—CH-C— X'— r5 



olcH^f ?w alkyl (C1-C6). which may be 

si^stituted by cydoall^l (C5-C6), phenyl, or a phenyl 
substituted once by hydroxy or metiioxy ^ 

X2 is oxygen or NRlO, where RIO is hydrogen. 
R5 is alkyl (C1-C5), which may be substituted with phenyl. 
A is either hydrogen, or an amino acid derivative 



^ ^ H"" ortheftagment -C-{e)— R« 

where 

Sdi,^^w?fif ^S^-^y "^^y substituted by 

2:?boSio^^' <^^-^^>' benzyloxy. or"^ 
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rn7PM l.°^^n.^ ^ a*^'^' an alkoxycarbonyl (- 

C02R ) where R' is a straight or branched alkyl grmip (Cl^e) 

^^r. ^/ by phenyl or an alk^^Sie) or an 

a^o aad derivative in which the nitrogen is substitmed ^ 
sSS«n,r°/H k""^?^^ alkoxycarbonyl (Cl<:6) that may be ^ 
substituted by phenyl or an alkene (C2-C6). 

E is oxygen- 

m is an integer of 0 or 1. 

R8 is hydrogen, straight or branched alkyl (C1-C7) which mav 
TeS^SS^ ™ Sco^ (C1<S. or ^ ' 

XI is oxygen or NR9. where R9 is hydrogen or methyl. 

nh.™^l"?-^'*,Y^^ ^^°P« °f present invention are 
pharmacuetically acceptable salts of the above mentioned 
^pounds Phanaiaceutically acceptable salS ?S^Se delved from 
mmeral acids, carboxylic adds or sulfuric adds pref Jredfrom 
hydrochloric acid, hydrobromic add, sulfuric add iSSSnS^Slfurir 

o-c— x'-z 

where (IV) 
n = an integer of 2 or 3; 

Rl is hydrogen 
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b="mr&r °^ -"samted With Phenyl. 2 may aiso 

— CH-C— X2— r5 
FT* 

is straight or branched alkvl fCl-T/i^ wk;^u 
substituted With 4-methox^l?,f S1J^^^^>' 

X2 is oxygen or NRio. where RiO is hydrogen. 

R5 is methyl or methyl substituted by phenyl. 

A is either hydrogen, or an amino acid derivative 

C CH-fJ-R7 or the fragment -C-/e4— R« 

where 

fceTor^S^S^^^^ "-^y -^^«-ted by a cydoallcyl 

Where R' is a straight 
in which the niSog^2^subsSSj?"K P^^^^^^e derivative 
alkoxycarbonyl (Cl!c6) ^ straight or branched 

E is oxygen- 

m is an integer of 0 or 1. 
R8 is straight or branched alkyl (C1-C5) 
XI is oxygen or NR9 where R9 is hydrogen or methyl. 

P^^^^e^cX'^efZ^^ZS^^^^ ^vention are 
compounds. Mo^t pref^:td ife^^uf/h^^^™-^ 
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Prgforred Method m fiyri^^'^^h 
Synthesis of Dippptj^^^ D erivarivP^ 




P««^'''Sr'°" * yo ^ J (1.0) 

O OR °*S-NH-P.ot 

PfOt - protecting group 

Imino add derivatives could be dehydratively coupled to N- 
proteaed. amino acid derivatives using siidard couS a^SiS 
su^as PPA. DCC or other reagents as described i^ sS^d^bo^ks on 
peptide coupling (such as Bodanszky et al. The Practice^Peptiii^ 
S>^thesis: Sprtoger-Verlag. Vol 21, 1984). The group Sed fo protect 
the nm-ogen of these amino acids could be either caAotertbuto^ 
carbobenzyloxy, carboaUyloxy, or other temporary protecSi? ^uds 
as described in the Uterature (T. W. Greene S^SecS^^rSps?^ 
Orgamc Synthesis, 2nd Edition; John WUey & Soks, 1991) 

Synthesis of Amir|^T Tif.rhvif>n^<i 

NH.Prot 



•OR 

(2.0) 



o- 

Prot « protecting group 



" NH-Prot 

•R 



™h ^ <^o^vement route to prepare the present compounds involves 

Sfn^? P^P^^^ <^ depicted in equation 2 m 

Standard methods to effect transformations of this type have b^ 
reported (Cushman, M. et al. J. Org, Chem. 1991 56 4161^ )1^r 
e«ami^e,themtermediateamide^ndcanbrred^^^^ 

SJ™Sv2^i^ ^^"l' ^"^^ ^ ^ P°lar solvent such as 

tetrahydrofuran, ether, or dimethoxyethane. 

Alternatively, these derivatives may also be prepared bv a 

Z^^^ ^'^^ ^ conve^ed'io a t^^ Lide 

mtermediate using sulfur transfer reagents such as Lawesson-s 
Reagent (Syntiiesis 1979, 941). The rS>ulting tiiioa^d^bt^ed bv 

ammometiiylene derivative by treatment witii a reduckig reaeent 
such as Raney nickel. In cases where tiie tiiioamide dS5atiCf 1? a 
phenylmethyl ester derivative, reduction of tiie tiiioanJde maylead 
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cSS:,S i^^/Sf^^f^'L^! ^^'l"^^ ^-i--"ve containing a free 



carbo;c/lic acid derivative (Eq, 2.1) 
o 

•OH 

(2.1) 



Prot • protecting group 

Fprmarion of AminomethviPnP r^rt^ o xviir Ari^ c 
9 o 



CM- 



OR /- >JJ_oH 




V 

L — ^ I p -o) 

•R .R 

Prot • protecting group 

fnm,,^? methods as depicted in Eq. 2.1 may allow for the 
formation of carboxylic add derivatives du-ecUy from the 

Se^SoTb'SniJ^^^^K P^^°yl°^^^yl esters, these intermedates 
Zedta^^lT^. /''T^^ corresponding estei3 (Eq. 3). Conditions 
used to effect hydrolysis or conversion of ester derivatives to add 
denvatives are described in detail in the Uteratur^T W^J^I et 

C-Termin^l Homolotrarion of Amin^Tn-rh vlr n n 



Prot • protecting group 



(4.0) 
NH-Prot 



2 1 E^Tr^i?if^^^f ^"^^^ derivatives derived from Eq. 
2.1, Eq. 3 0, or other methods could be dehydratively couoled to a 

2Sr7xl'o)'Stln ^^--^-^ to provide coSipondLg 
ester (X - O) or amide denvatives (X - NR). This dehydrative 
couphng can be achieved with standard coupUng a^^Sl?^ as PPA. 
DCC or other reagents as described in stand£-d boote on^StSe 
couphng (such as Bodanszky The Practice of Peptide SynthSs 

l^i^'^^^^^^ "^^^^ compounds ifSSves 

embodmients of tiiis invention as well as beine intermediaS; f^frh» 
synthesis of other embodiments ^ intermediates for the 
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NH-Prot 



(5-0) 



N-H 
H 



Prot « protecting group 



•R H 



>-N— C-R- 
•R H 



mJtogen-toduced T^^^MaSf^ for IrJUblUon of 

adjuvant arthrlds mSw fH.tJ^!S^* ?° '""'^ rat 
that the Di^tdS^Ti?'^'^? f^er below) Indicate 

concentration tSned aS SiP^S^^et " 
formn^aJS^'c^^X^o Pham«ceutical 

present in the form oSwdu^aS^r '""""'"Uo-" 
capsuies, caplets. pUIs, sup^S^cfe'S-aSSSf'tifSe 
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individual dose oreferahlv r^nVlf„^ ,C " individual dose. An 

ruS^SSSSi5r~ 

glues, creams! logons d^^^ZZ^tT^^ZTr^'i^'^^ ointments, 
capsules, caplets, piUs and grliful^ cSi^nS^X, '^'^S^^' 
in addition to the ?ustomai?^SSp?enS^ suS^ compounds 
extenders, for examole starrt^f^S^ ^ 
and smdc acid^Tb^de^ for mannitol 

example, glycerol, (d)^^?^^^ agent^' for S^^'Sr'"' 
quate^L'^^^^oS'^^^o'^Srd^^^ 

cetyl alcohol and clvrProi ^5 . wettmg agents, for example, 

of embedding composiuSis ESSi^i^'^^^.td^'t S?^"" ■ ^^'^ 
substances and waxes. " '-^n oe used are polymenc 

The active compounds can also be present in 

aTo^rSStJp^niJ rjZT °f 

the active compoSSs'^'S^e cu!roX?lTatL'^,'r^°' "> 

CIS -fatty acid,, or mixtuS of thS s^LraT's ' 
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and vegetable LrwicS pS^r^JLT""' "^P'^- 
derivatives, polyeiv^'d^^;.^'^'* Jf^Sacanth, ceUulose 
taic and z^nlol^t'^r^^^t^^f'^^^^'^- add. 

active^JCo^^^S ^tS^^ " toe 

talc .iUdc add, =j;^S^>a^f PcSo^'°.',^''^'''='°''=' 
powder, or mixtures of these sTJfan'.?™' PolyanUde 
contain customary pro^S^^S^Jr"' "'^ ^<""«<>'^y 
chlorofluorohydrocarbons. "^P^e, 

compo^dt Ss^i~-^- ~ -Edition to the active 
agents and emulsifi^St^vl ,' ^ solvents, solubilizing 
alcohol, ethyfc^SS^^e^P^ --^^^^^^^^ -oP^opyl 
benzoate. propylene elvcol i ^ ^f.2,i ' alcohol, benzyl 

ot'cSt»s£SSS^-: 

S^rc?SStS««---e3ters 

also be^i^al'S'^'o^tSS^^^ --"^^^^-^ can 

can contain, in addiuS ^ the t^T"^"" "^"^ Suspensions 

exdpients, such as Uq^d ?mn!nr?^n ^°°^P°^ds, customary 

or propylene glycol SS^ri^fa^g^T^or 

isostearyl alcohols. polyoxyetSlSI sorSS;i o^f^i^^^' ^thoxylated 

microcrystalline ceihUose^uS^^^™ u l^'* sorbitan esters, 

agar, and tragacant^^oTr^lS^t^i^r^^^^^^ 

contai?^o't^^°;^"a?e„^^,^^^^ forroulations can also 

claimed compounds oftSe pr^St Lv^g°^^ ^^^^on to the 

in ^^"^s^Z^l^^!^^^^'^^ fox^ulations are prepared 
the active com^und or co^^^Ts ^t^:'I;--:^^^-X^' 
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and J^r^Iu"!^'^u^°°^ mentioned can be used either with humans 
^i^^' ""f"^^' ^"""^y^ parenteraUy (intra-venously, 

SSSL v^^^^ subcutaneously), intracistemaUy, intravaginaUy 
mtrapentoneaUy or locaUy (dusting powder, ototm£it or dro^^Hid 
for the therapy of infection in hoUow spaces or body ca^S?^^ 
^ble formulations are injection solutions, solu Jns aid 

^^^^^7 ""^SSflP^' P^'^-o^ formulations, emulsions, 
omtments or drops. Ophthalmological and dermatologic^ 

2^?^^°""' f^V^ ^ <^ops, eye ointments 

powders or solutions can be used for local therapy. ^^^^ 

tv^wrfilf /^^^'^ possible to use gels, powders, dusting 
powders, tab ets, sustained release tablets, premixes concentrates 
h^^LS?^"?' "^r"^' "^P^^^' ^«^osols, sprays ^dSSS^n 
ftS^S^ S?f^- compounds according to the invention can 
t<mhermore be incorporated into other carrier materials, such as for 

^^SxS.r"' °' P'^^" ^-^Py>' coTaSn 
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DETAILFn DESCRIPTinM 

r-r. "^^^ f°"o^ing examples describe preferred ways to prepare the 
Sffrnnf/ ^ P^^^^^ invention. Other possibUities L^thin 
tne scope and spirit of the present disclosure. 



REAGENTS AND INRTRi imf^q. 



tetrahydrofuran (THF), ethyl ether (EtzO), and 
acetomtnle were distilled from calcium hydride prior to use. Unless 
otherwise stated, reagents discussed in the following examples were 
commeraaUy available from Aldrich Chemical Co. Milwakee wT or 

S^'^ M^^^^ '^^"S^ U.S. vender Spectrui ChemiSs^Nifg 
Corp., New Brunswick, NJ. 

.rr.- T^:f synthesis of l-[2-(S)-[[(l.l-dimethylethoxy)carbonyl]- 
aJiuiio]-3-phenylpropyl]-L-proline phenylmethyl ester and l-[2-(S)- 

r;.?^ 1 qqT ^/i ^^^^ described earUer (Cushman. M et al. /. Org 
Cbem 1991. 56.4161-7). The synthesis of the foUowing co^poSids 
has also been reported [EPO EP 0361341 assigned to Mills I^^ by 
assignment from Molecular Therapeutics, Inc ]• 

o • \^ |"Pi^"t['^^*^^^2-(S)-[[(l.l-dimethylethoxy)carbonyll- 

amino]-1.4-dioxobutyl]amino]-3-phenylpropyl]-L-proline]-L- 
Isoleucme Phenylmethyl ester piuimej l 

n An were carried out in oven-dried glassware 

were ^iS^ J'Sth '^^f ^° ^rude products 
TiUca^SfS 7n^ ? ^""^"^ chromatography using 230-tOO mesh 
suica gel (35-70 urn) or mediumy^gh pressure Uquid 
chromatography using Shimadzu LC-8A Preparative liquid 

«?fn^^^ system equipped with columns packed with either 
20 um or 10 urn sihca. Thin layer chromatography (TLC) was 
performed on aluminum-backed silica gel plltes. id visualization 
was accomphshed with a UV light or an iodine vapor chamb^ 



18 



o^^^donG^^^t^^^^^^^ resonance (NMR) spe ct^f ^ 
NMR were obtaiS^n the saSe^^^^^^ Carbof fiac) 
spectral data were obL?^d^ ?^°°^^^^^^^ 75 MHz. Mass 
"Sing electron topaS^Son 'rh ^P^ctrome^i 
atom bombaixim^t (F^S Spec^,'^ ionization (Q). or fast 
on a Kratos CONCEPT I-H soectSm^r?^ ^^^^ obtained 
secondary ion (iS) tecImSff? "^"^S liQuid-cesium 
bombaSent (M)! ^ """^^ "'^^^ ^^^on of fast atom 

to them^^tS^^^JS^^Jfo^^ experimental section refer 
PMAP is ^l^Sop^^^i'^^^^^' carbodiimide; 
^ l-iiydfoxybenzotriazole^S^r^fe. p^"7°^^^^ HO^T 
Propylphosphonic add cydic ^^SSe. '° 

meant^^^/jgj^^^ ^-^bed as l-tXK-Isoleucine are 

Isoleucine. in which ^e^^min« L-isomer of the amino add 

fragment X. In a s^^TiX. f n^^Jf ^''^^^^^ ^he 

meant to repx^e^tTf^^^^^ha' caJt''"''^^^^^^ ^ 
as: «^gment tnat can be represented graphically 
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Examp]p 1 




methylpentyl]-L-prollne Phenylmethyl Ester. 

nirt1nl!, M"Tf^lM^"^ ' 'Y'^^'^[^^ 1 ■ di mfrhvlerhor .^ ^ r.rhnnvll^n iinTTH- 
s^uc^iSe compound was consistent with the 
Rf = 0.61 ( 2% methanol in dichloromethane). 

^^s) miTH- ' -^7^^!"^ Ph^nvlmpt a^. a solS^i-thio-i- 
nroH^^^l' r^^y^^^^^^*^^t'o°y^lamino]-4-methylpe^^^ 
eS^oT ^^n''^^^'^ ^^-14 dissolved in ab?SSe 

sl^^ /n ^2 and treated with #2-Raney nickel (60 mL 1-1 v/v 
slurry in absolute ethanol) at 22 oc for 2 hours. The rSction w^ 

fS. wf ^ ^^^^^ ^^hanol (700 S -Se 

c'l^^rd'^'^^eilJ^^^^f^^^^^ (^1^> of ^tle 

structure. " ^ compound was consistent with the 

Rf = 0.53 (33% EtOAc m hexane). 

In addition to the desired product 1 05 p nR%^ of i /c^ 
with their structure. " ^ °^ compound were consistent 
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Example p 



niL round bottom flask wf^r^VZri . r^^^^^- Into a 
ethoxy)carbonyIJaiSno]!tm1Sv^^^^^^^^ 

(197 mg, 1.5 eq), DM/5^7«2^„^^P,^^'>L-^^^ (200 me) DCC 

^DMF (1.0 mL) ^S^Sloro^^^^^ t^^'uT 
tnethylamine (177 mL, 2 olaT A^ -i^A^ treated with 

complete the soluti^^^fonce^Se^,^^^^^^^ rea<S was 
ethyl acetate. The heterogenoi??5uH<l ^ 'l^''^"^' ^^ken up in 
of Cehte, the resulting soIuSm? ^^^^^'^o^ was filtered through a nhm 

(6096) of the title compoimd X m i^'^i® P™^**^ 200 mg 
analysis of this compoWw^^VJf ■ ^^ss spectrum 

^IMS - 517; (mass calculated for C..H.sN.O. . 516.70). 
Examp]o ^ 




carbonyl^;jil,i^^^o-2-(S)-^^^^ 
L-isoIeucine phekyim^SJ?S\^^^ 

(3 mL) and Iiydrogenated v^i dissolved in methano 

under an atmosphere of h^ge?^6(?^..? °° <5 ' 

concentrated under reduced^r^^^i^ro^' "^J" ^^^'^^^ ^ 
mle compound. The iR Nm o??S^^comn'"°'^^^ ^^^'^^ of the 

the structure. °^ compound was consistent with 
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Example 4 



N " O 




l-[l-[2-(S)-[[4-Aiiiino-2-[[( 1 ,l-dimethylethoxy)carbonyl]- 
aiiiino]-l,4-dioxobutyl]amlno]-3-phenylpropyl]-L-proliiie]- 
L-isoleudne Methyl Ester. l-[l-[2-[[4-Amino-2-(S)-[[(l,l- 
dimethyletho>y)carbonyl]amino]-l,4-dioxobutyl]ainino]-3- 
phenylpropyl]-L-proline]-L-isoIeucine (20 mg) was dissolved in 
CH2CI2 (5 ml) and stirred at 22*C Diazomethane (1 mL etheral 
solution) was added and the reaction was stirred for 3 minutes at 22 
^C. The solvent was purged with argon, then evaporated imder 
reduced pressure and chromatographed on silica gel to provide 15.5 
mg (77%) of the title compound. The iH NMR of this compound was 
consistent with the structure. 



l-[l-[2-(S)-[(2-(S),4-DiamIno-l,4-dioxobutyl)amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine. l-[l-[2-[[4-Ammo-2- 
(S)-[[(l,l-dimethylethoxy)carbonyl]amino]-l,4-dioxobutyl]amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine (25.5 mg) was dissolved in 
dichloromethane (0.5 mL) and cooled to 4*C. A solution of 4N HQ in 
ethyl acetate (0.55 ml) was added and the reaction stirred for 90 
minutes at 22 «>C, then concentrated tinder reduced pressure and 
chromatographed to produce 20 mg (95%) of the title compoimd as a 
white solid. The iH NMR of this compound was consistent with the 
structure. 
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Examplp ff 




l-[l-[2-(S)-[(2-(S),4-Diainino-l,4-dioxobutyl)aiiiiiio]-3- 
phenylpropyl]-L-prollne]-L-isoleucine Methyl Ester. Using 
the procedure described in example 5, l-[l-[2-(S)-[[4-ainino-2- 
t[(l,l-dimethylethoxy)caibonyl]amino]-l,4-dioxobutyl]amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine methyl Ester (11 mg) was 
treated with HCl/EtOAc to provide 8 mg (90%) of the title compound. 
The IH NMR of this compound was consistent with the structure. 



ExampIP 7 

N " O 




l-[l-[2-(S)-[[( 1 , 1-Dimethylethoxy)carbonyl] amino]-3-(S)- 
methylpentyl]-L-homoprollne]-L-isoleucineBenzylamide. 
In a round bottom flask was added l-[2-(S)-[[(l,l- 

dimethyletho3cy)caibonyl]amino]-3-(S)-methylpentyl]-Lrhomoproline 
(129 mg), L-isoleudne benzylamide (129 mg), triethyiamine (136 
uL) and anhydrous dichloromethane (1.5 mL). The reaction was 
cooled to 4 'C, then bis(2-oxo-3-oxazoUdinyl)-phosphinic chloride 
(BOP-a, 110 mg) was added and the reaction was stirred 2 hours at 
4-C, then warmed to 20*C and stiired for 12 hours. The reaction 
mbcture was washed with satd aq NaHCOs, satd aq Nad, dried 
(MgS04) and evaporated imder reduced pressure. The crude reaction 
was chromatographed on acidic sUica to provide 26 mg (13%) of the 
title compound. The IH NMR and Mass spectrum analysis of this 
compound was consistent with the structure 
Rf = 0.32 (50% EtOAc in hexane). 

LSIMS = 531; (mass calculated for C30H50N4O4 = 530.73). 
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Examplp « 



N*^ " O 

I u O u P 




l-[l-[2-(S)-[[4-Ainiiio-2-(S)-[[(l,l-<iimethylethoxy)- 
carbonyl]amino]-l,4-dioxobutyl]amlno]-3-phenylpropyl]-L- 
prolinej-L-isoleudne Beczylamlde. Using the procedure 
described in example 7, l-[H2-[[4-ainino-2-(S)-[[(l,l- 
dimethyletho3cy)caibonyl]-amino]-l ,4-dioxobutyl] amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine (12 mg) was reacted with 
benzyl a min e (2.5 uL) to provide after chromatography 2.7 mg (19 
%) of the title compotmd. The iH NMR of this compoimd was 
consistent with the structure. 



Examnlp Q 



l-[2-(S)-[[( l,l-Dimethylethoxy)carbonyl] amino]-4- 
methylpen^ll-LrproUne Methyl Ester. 

^ a) l-ThiO-1-r2-fS)-rrn .1-dlTnPl-tiv1prt,oyv^rarhr.nv n aTninn1-4- 

methvInentvn-L-ProHne Methvi v^^r Using the procedure 
described in Example 1, N-tertbutoxycarbonyl-L-isoleucine-L-proline 
methyl ester (5.56 g) was converted to 5.48 g (94%) of the tide 
compoimd. The NMR of this compound was consistent with the 
structure. 

Rf = 0.29 (25% EtOAc in hexane). 



o 
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methvlpentvll-T -proline MPthvl Fster. Using a procedtire simUiar to 

that found in example lb, l-thio-l-[2-(S)-[[(l,l- 
dimethyletho:cy)carbonyl3amino]-4-methylpentyl]-L-proline methyl 

ester (5.48 g) was dissolved in absolute ethanol (150 mL) and 
treated with #2-Raney nickel (70 mL of 1:1 v/v slurry in absolute 
ethanol) and refluxed for 2 houxs. The reaction was cooled and 
filtered on a glass frit and washed with dichloromethane (350 mL) 
and ethanol (100 mL). The fUtrates were combined, evaporated 
umder reduced pressure and chromatographed on silica gel to 
provide 3.2 g (64%) of the title compound. The IH NMR of this 
compoimd was consistent with the structure. 
Rf - 0.43 (25% EtOAc in hexane). 



Example 10 



l-[l-[2-[[(l,l-Dimethyleth03cy)carbonyl]amino]-4- 
methylpentyl]-I^prollne]-L-Isoleucine Phenylmethyl Ester. 
A solution of l-[2-(S)-[[(l,l-dimethyletho;Q')carbonyl]amino]-4- 
methylpentyl]-L-proline (97 mg), L-isoleucine benzyl ester tosylate 
salt (134 mg), and ethyl morpholine (236 uL) were dissolved in N,N- 
dimethylformamide (1 mL) and cooled to 4'C. To this was added 
PPA (300 uL of 50% solution in Caidi)- The reaction was stirred for 
60 minutes at 4'C, then allowed to warm to 22*C. The solution was 
stirred at 22 oC for 3 hours, then concentrated imder reduced 
pressing and dissolved in fresh CH2CI2. The CHzQa solution was 
washed with IM citric add, water, saturated sodivun bicarbonate, 
saturated soditmi chloride, dried (MgS04), and chromatographed on 
silica gel to provide 129 mg (80%) of the title compound. The IH 
NMR of this compovmd was consistent with the structure. 




25 



l-[2-(SH[(l,l-Dimethylethoxy)carbonyl]amino]-3-(S)- 
methylpentyl]-L-proline]-L-isoleucine Beozylamide. Using 
t±ie procedure described in Example 2, the coupling of l-[2-(S)-[[(l,l- 
dimetliyIethoxy)caxbonyl]amino]-3-(S)-methylpentyl] L-proline (210 
mg) and L-isoleudne benzylamide (258 mg) provided 202 mg (59%) 
of the title compoimd. The iH NMR and Mass spectrum analysis of 
this compound was consistent with the structure. 
Rf - 0.30 (50% EtOAc in hexane). 

LSIMS - 517; (mass calculated for C29H48N4O4 = 516.70). 



Examnlp 1 7 




l-[l-[2-(S)-[[2-(S)-[[(l,l-Dimethylethoxy)carbonyl]amino]- 
l-oxo-3-cyclohexylpropyl]amJno]-4-methylpentyl]-Lr 
proline]-L-isoleucine Benzylamide. Using the procedure 
described in Example 2, the coupling of Boc-(L)-cyclohe)o^lalanine 
(211 mg) and l-[l-[2-(S)-amino-3-(S)-methylpentyl]-L-proline]-L- 
isoleucine benzylamide (162 mg) provided 99 mg (53%) of the title 
compound. The IH NMR and Mass spectrum analysis of this 
compound was consistent with the structure. 
Rf - 0.43 (4.8% methanol in dichloromethane). 
LSIMS ° 670; (mass calculated for C38H63N5O5 - 669.92). 
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ExamnTe 1 ?, 




l-[l"[2-(S)-[2-(S)-amino-l-oxo-3-cyclohexyipropyl]amino]- 
4-inethylpentyl]-L-proline]"L-isoleucine Benzylamide. 
[2-(S)-[[2-(S)-[[(l,l-Dimethylethoxy)carbonyl]amino]-l-oxo-3- 
cyclohexylpropyl]ainino]-4-metliylpentyl]-L-proline]-L-^^ 
BenzylamideOS mg) was dissolved in dichloromethane (l,mL) and 
treated with trifluoroacetic add (2 mL). The reaction was 'stirred for 
1 hour, then washed with satd aq NaHCOa, satd aq NaQ, dried 
(MgS04) and chromatographed on acidic silica gel to provide 73 mg 
(88%) of the title compound. The iH NMR and Mass spectrum 
analysis of this compound was consistent with the structure, 
Rf « 0.21 (4,8% methanol in dichloromethane). 
LSIMS « 571; (mass calculated for C33H55N5O3 « 569.81). 



Example 14 



l-MethyM-[l-[2-(S)-[[(l,l-dimethylethoxy)carbonyl]- 
ainino]-4-methylpentyl]-L-proline]-L-Tyrosine(0-Methyl) 
Methyl Ester. Using the procediure described in example 2, l-[2- 
(S)-[[( 1 , l-dimethyletho)o^)carlx)nyl] amino] -4-methylpentylj-L- 
proline (129 mg) and N-methyl-Omethyl-L-tyrosine methyl ester 
(101 mg) was coupled to provide 87 mg (41%) of the title compound. 
The IH NMR of this compound was consistent with the strucnire. 
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l-[l-[2-(S)-[[4-Aiiiino-2-(S)-[[(l,l-dimethylethoxy)- 

carbonyl]amino]-1.4-dioxobutyl]ammo]-4-methylDentvll-L- 
proline]-L-isoleucine Phenylmethyl ^^^^^^y^P^^^i L 

rnenvimf rn Yl J;ror . Using the procedure described in example 13 

lHl-[2-[[(l l.dimethylethoxy)carbonyl]aniino]-4-methylDentvll-^^ 
prolme]-L-Isoleucine phenylmethyl ester (106 mg) wS^S 

^-S^lilfxl^^ P'^^^d^ 90 (105%) of the fr^ 

s^l^L?^ compound was consistent with 

L -isolfunnp Phrnvlmfrhvl F^rer i-[i-[2Ts)'a^ Proiinf] , 
methylpentyl]-L-proline]-L-isoleucine phenyhnethyl ester (47 mg) 
QT m;w'rt"f i^ydroxybenzotriiole monohydrate 
Wtni;^^"°'°?^°^^^ ^^e^ l-(3-dimethylaminoproS)! 
3-ethylcarbodmmde methiodide (43 mg) were dissolved in N N- 
dimethylformamide (300 uL). The reason was stirred f^J 2 5 hours 

SSr^^n.^ dichloromethane and washed with saturated sodium 
bicarbonate, concentrated under reduced pressure and 

SS?^?S '° P''"^'^^ °f ti^e compound. 

The iH NMR of this compound was consistent with the strucSu-e. 
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ExamnlP iff 




l-[l-[2-[[3-Cyclohe:Qrl-2-(S)-[[(l,l-dImethylethoxy)- 
carbonyl]ainlno]-l-oxopropyl]amIiio]-4-methylpentyll-L- 
proUnel-L-lsoleudne Phenylmethyl Ester. Using the 
procedure described in Example 10, l-[l-[2-(S)-amino-4- 
methylpentyl]-L-proline]-L-isoleucine phenylmethyl ester (44 me) 
and N-Boc-L-cydohexylalanine (34 mg) provided 46 mg (64%) of the 
title compound. The iH NMR of this compound was consistent with 
the structure. 



ExamnlP 1 7 



CONH, 



1- [W2-(S)-[[l-[2-(S),4-Diamino-l,4-dioxobutyl]amino]-4- 
methylpentyl]-L-proline]-L-isoleuclne Phenylmethyl Ester 
7^1^?m^ ?!^^^^% described in Example 13, l-[l-[2-(SH[4lamino- 

2- {S)-[[(l,l-dimethyleth03cy)-carbonyl]amhio]-l,4- 
dioxobutyl]amino]-4-methylpentyl]-L-proline]-L-isoleucine 

r?m ?P ^^^^^ trifluoroacetic acid 

(300 uL) to provide 16 mg (91%) of the title compound. The iR NMR 
ot this compoimd was consistent with the structure. 
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Example 1 8 




l-[l-[2-(S)-[[2-(S)-ainino-3-cyclohexyl-l-oxopropyl]- 
aiiiino]-4-methylpentyl]-L-proline]-L-isoleucine 
Phenylmethyl Ester* Using the procedure described in Example 
13, l-[l-[2"[[3-cyclohexyl-2-(S)-[[(ia-dimethylethoxy)- 
carbonyl]amino]-l-oxopropyl]ainino]-4-methylpentyl]-L-proline]-L- 
isoleucine phenylmethyl ester(24 mg) was treated with 
trifluoroacetic add (300 uL) to provide 19 mg (94%) of the tide 
compound as an oil. The IH NMR of this compoimd was consistent 
with the structure. 



Example 19 



l-[l-[2-(S)-[[l-[l-[(l,l-Dimethylethoxy)carbonyl]-L- 
phenylalanyl]-L-asparaginyl]amino]-4-methylpentyl]-L- 
proline]-L-isoleucine Phenylmethyl Ester, l-[l-[2-(S)-[[l-[2- 
(S),4-Dianiino-l,4-dioxobutyl]amino]-4-methylpentyl]-L-proline^ 
isoleudne phenylmethyl ester (15.8 mg) and N-Boc-L-phenylalanine- 
N-hxdroxysucdnimide (13.3 mg) and N,N-diisopropylethylamine 
(10.5 uL) were dissolved in tetrsiiydrofuran (300 uL) and stirred for 
6 hours. The reaction was concentrated umder reduced pressure and 
dissolved in dichloromethane and washed withlM citric add, water, 
saturated sodium bicarbonate, dried with magnesium sulfate, and 
chromatographed on silica gel to provide 16.8 mg (72%) of the title 
compound. The NMR of this compound was consistent with the 
structure. 
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Example 20 



N ° 




l-[l-[2-(S)-[[l-[2-(S)-Aiiiino-l-oxo-3-phenylpropyl]-L- 
asparaginyl] aiiiino]-4-niethylpentyl]-L-prollne]-L- 
isoleudne Phenylmethyl Ester. Using tiie procedure described in 
example 13, l-[l-[2-(S)-[[l-[l-[(l,l-dimethylethoxy)carbonyl]-L- 
phenylaianyl]-L-asparaginyl]amino]-4-nietliylpentyi]-L-proIine]-L- 
isoleucine phenylmethyl ester(15.3 mg) was treated with 
trifluoroacetic acid (900 xiL) to provide 11 mg (95%) of the title 
compoimd. The NMR of this compound was consistent with the 
structure. 



Example 21 



l-[l-[2-(S)-[[(l,l-dimethylethoxy)calt)onyl]amlno]-3- 
cyclohe3cyrlpropyl]-L-proline]-L-isoleucine Benzylamide. 
Using the procedure described in Example 2, the coupling of l-[3- 
cyclohexyl-2-(S)-[[( 1 ,l-dimethylethoxy)carbonyl] amino]propyl]-L- 
proline (208 mg) and L-isoleudne benzylamide (193 mg) provided 
168 mg (51%) of the title compotmd. The iH NMR and Mass 
spectrum analysis of this compound was consistent with the 
structure, 

Rf - 0.30 (50% EtOAc in hexane). 

LSIMS « 557; (mass calculated for C32H52N4O4 « 556.77). 
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Examn1f» 77 



l-[l-[2-(S)-[[(l,l-diiiiethylethoxy)carbonyl]ainino]-3- 
methylbutyl]-L-proline]-L-isoleucine Benzylamide. Using the 
procedure described in Example 2, the coupling of l-[2-(S)-r[(l.l- 
dimethylethoxy)carbonyl]amino]-3-methylbutyl] L-proline (208 mg) 
and L-isoIeucine benzylamide (271 mg) provided 264 mg <76%) of 
the title compound. The iH NMR and Mass spectrum analysis of this 
compound was consistent with the structure 
Rf = 0.28(50% EtOAc in hexane). 

LSIMS = 503; (mass calculated for C28H46N4O4 = 502.68). 
Example* 7^ 




l-[l-[2-(S)-[[(l,l-£>imethyIethoxy)carbonyl]amlno]-4- 

methylpentyl]-L-liomoprollne]-L-isoleucine Benzylamide, 
Using the procedure described in Example 7 l-[2-[[(l 1- 
dimethyletho>^)caAonyl]amino]-^^ 

)l^lF^«J^^J^-^<'^^^<^^^^yl^^<le (148 mg) provided 61 mg 
(37%) of the title compound. The iH NMR and Mass spectrum 
compound was consistent with the structure. 
» 0.67 (EtOAc). 

LSIMS - 53 1; (mass calculated for C30H50N4O4 - 530 73). 



-J 
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Fxample 24 




l-[l-[2-(S)-[[(l,l-Diinethyletho>y)caibonyl]ainino]-3-(S)- 
methylpentyl]-L-hoiiioprolIne]-L-threoniene(0-Beiizyl Ether) 
Benzylamide. Using the procedure described in Example 7, l-[2- 
(S)-[[(l,l-dimethylethoxy)carbonyl]ainino]-3-(S)-methylpentyl]-L- 
homoproline (1.22 g) and L-threonine(0-benzyl ether) benzylamide 
(1.42 g) provided 1.42 g (63%) of the title compound. The iH NMR 
and Mass spectnmi analysis of this compound was consistent with 
the structure. 
Rf =0.67 ( EtOAc). 

LSIMS - 609; (mass calculated for C35HS2N4O5 = 608.80). 



Example 2 




1-[1- [2-(S)-Amino-3-(S)-methyipentyl]-L-homoproline]- L- 
isoleudne Benzylamide. Using the procedure described in 
example 13, l-[l-[2-(S)-[[(l»l-dunethylethoxy)carbonyl]amkio]-3- 
(S)-methylpentyl]-L-homoproline]-L-isoleucine benzylamide (1.45 g) 
was treated with trifluoroacetic add (5 mL) to provide 722 mg (63%) 
of the tide compovmd. The IH NMR and Mass spectrum analysis of 
yhi<; compotmd was consistent with the structure. 
Rf-0.06 (EtOAc). 
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Example 26 




1-[1- [2-(S)-[(2,2-Diinethyl-propionyl)-aniino]-3-(S)- 
methylpentyl]-L-homoproline]-L-isoleuciiie benzylamide. 
1-[1- [2-(S)-aiiiino-3-(S)-methylpentyl]-L-homoproline]- L- 
isoleucine benzylamide (95 mg) was dissolved in CH2CI2 (2 mL) and 
triethylamine (93 uL) was added. The reaction vessel was- cooled to 
4'C and trimethylacetyl chloride (30 nL) was added. The reaction 
was stirred 30 minutes at this temperature then warmed to 22'C and 
stirred for 60 minutes. The reaction was concentrated under 
reduced pressure and the crude product was chromatographed on 
silica gel to give 80 mg (70%) of the title compoiind. The NMR and 
Mass spectrum analysis of this compound was consistent with the 
structure, 

Rf= 0.72 (9.1% methanol in dichloromethane). 

LSIMS « 515; (mass calculated for C30H50N4O3 -= 514.73). 



Example 27 



1-[1- [2-(S)-[(33-dimethyl-butyryl)-amino]-3-(S)- 
methylpentyl]-L-homoproline]- L-isoleudne benzylamide 
Using the procedure described in example 26, 1-[1- [2-(S)-amino-3- 
(S)-methylpentyl]-L-homoproline]- L-isoleucine benzylamide (112.5 
mg) and tert-butylacetyl chloride (40 uL) provided 70 mg (51%) of 
the title compound. The iH NMR and Mass spectrum analysis of thi<: 
compound was consistent with the structure. 
Rf»= 0.72 (9.1% methanol in dichloromethane). 
LSIMS = 530; (mass calculated for C31H52N4O3 « 528.76). 
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Example 28 




1-[1- [2-(S)-[(3-methyl-butyiyl)-amino]-3-(S)- 
niethylpentyl]-L-homoproline]- L-isoleudlne benzylamide 
Using the procedure described in example 26, 1-[1- [2-(S)-aniino-3- 
(S)-mediylpentyl]-L-homoproline]- L-isoleucine benTylamide (99 
mg) and isovaleryl chloride (31 uL) provided 78 mg (66%) of t±ie 
tide compound. The NMR and Mass spectrum analysis of this 
compoimd was consistent with the structure. 
Rf« 0.70 (9.1% methanol in dichloromethane), 
LSIMS - 515; (mass calculated for C30H50N4O3 = 514.73), 




1-[1- [2-(S)-butyrylamino]-3-(S)-methylpentyl]-L- 
homoproUne]- L-lsoIeudne benzylamide. Using the procedure 
described in example 26, 1-[1- [2-(S)-amino-3-(S)-methylpentyl]-L- 
homoproline]- L-isoleudne benzylamide (105 mg) and butyryl 
chloride (28 uL) provided 83 mg (68%) of the title compound. The 
iH NMR and Mass spectrum analysis of this compoimd was consistent 
with the structure. 

Rf« 0.67 (9.1% methanol in dichloromethane). 

LSIMS - 501; (mass calculated for C29H48N4O3 « 500.70). 
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were ^^iu^XIk^t^i^^^Zr^^yT °' *^ "'^'"^ ""^""""'^ 

1) Inhibition of PPIase Activity 

This assay foUows in principle the procedure described in 
Kofron et al., 1991, Biochemistiy 30:6127. The three mSn regents 
u^ed are PPIase a substrate for PPIase. and a seleaed SSSi^S^^'' 
Ss^v^.Th.'l present invention. The basic principle behind this 
foi^ wh?rh f ' ^^^'^^ substrate to the trans 

SX'. P^i conversion is catalyzed by PPIase. Essentially, inhibition 
nl^H ^^"^"^ measured for the selected compo^nTA 

peptide chymotrypsin substrate containing a proline in the P2 

fn°r£? ""^^^ "^^^^^ Chymotrypsin when the Phe-Pro bond is 
in the trans isomeric configuration. In the presence of excess 
chymotrypsin, aU of the trans peptide isomers are deavTd ^thin 
approximately five seconds, leaving only ds forms. 

at a s^^t^^^-F!^"^^- ^Poa^^eously convert to the trans isomer 
at a slow rate. The as to trans conversion is catalyzed by isomerases 
S^-rh ppt"* faster rate than this spontaneous conveSion. ProtS^ 
with PPIase activity are examples of such isomerases. After 
isomenzation, the peptide is cleaved by chymotrypsin releasing 
p-nitroanilme which can be monitored at 390 rS^The Tate ^f 
release is then calculated using a fu^t order ratp nin nffcJf ^ 
utUizing the ENZFirrER progrL i^HZts^oT^^sS^' 
Cambridge, United Kingdom). ^^^ri. 



Examolp .^p; 

PPIase Inhibition Assay 

(7 l^f^"" ^'^^^'^ of ice cold assay buffer 

^ ^00 mM NaQ), 10 uL of FKBP (2 5 uM^Tn 

mM Tns-a pH 7.5, 100 mM NaQ, 1 rnM dithiottiS) 25^^? ° 
chymotryTpsin (50 mg/ml in 1 mM HCl) and loToJ ie tesf 
r^^^^S^ -^^ ^■^Z^'t concentrations in dimethyl sulphoxide The 
PhP^^pt'^''^'^'^-^^ ^ of substrate (Succiny -Ala- 
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The absorb ance at 390 run versus time is momtored for 90 sec 
using a Beckman DU70 spectrophotometer. The absorbance versus 
time data files are transferred to an IBM XT computer and the rate 
constants determined using the commercial Enzfitter program. For 
each set of data, the uncatalyzed rate of conversion is measured and 
the uninhi bited enzymatic rate determined. The data are expressed 
as % hihibition and are calculated as follows: 



% Inhibition = 



X 100 



where kobs is the rate in the presence of a selected test compound, 
kuncat is the rate in the absence of enzyme, and kuninh is the rate in 
the presence of enzyme and absence of inhibitor. Data are plotted as 
percent inhibition versus concentration of inhibitor. The values of 
the concentration of inhibitor required for 50% inhibition of enzyme 
activity (IC50) were determined by nonlinear least squares 
regression analysis. 



Example No. 


FKBP IC50 




(^M) 






1 


>50 


2 


0.57 


3 


>50 


4. 


>50 


5 


>S0 


6 


50 


7 


5 


8 


<50 


9 


>50 


10 


3 


11 


0.39 


12 


0.13 


13 


0.16 


14 


>50 


15 


0.9 



Table 1 



Example No. 


FKBP ICso 
fuM) 






16 


8.4 


17 


2.4 


18 


1.3 


19 


<50 


20 


2.5 


21 


>5 


22 


0.47 


23 


1.3 


24 


5 


25 


ND 


26 


ND 


27 


ND 


28 


ND 


29 


ND 







where ND means "not determined" 
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Results: The results of the compound testing are presented in TABLE 
1, above As stated previously, it was not initially apparent whether 
or not mhibition of PPIase activity was necessary and sufficient for 
immunosuppression. Presently, the prevailing thought is that 
bmduig to the PPIase enzyme may be necessary but is not sufficient 
Therefore, the data on PPIase inhibiUon may be viewed as an assay ' 
to detect whether or not a given compound is capable of interacting 
productively with FKBP. «=i«t<-iiiia 

2) Human T Lymphocyte Inhibition 

InMbition of mitogen-induced T-cell proliferation can be used 
to profile immunosuppressive activity of test comj^ Dunds. In the 
descnption of the assay which follows, mitogen-induced T-cell 
proliferation was used to test the inhibitory potencies of select 
compounds of the present invention. 

1 similar to that described by Bradley in MisheU et 

^Ai Si ]?^^' S^^^^^'l Methods in Cellular Immunology, pp 156- 
161. W.H. Freeman & Co.. San Fransisco, CA.. T-ceUs were stimulated 
by mcubation with phytohemagglutinin (PHA) which binds to cell 
surface molecules, including the T-cell receptor. This stimulation 
flSr2 Pf which can be measured by incorporation of 

L^Hj-thyrmdme mto cellular DNA. 

The immunosuppressive properties of the compounds of the 
present invention can be determined by adding various 

^ff^^^x""^ °^ ^ f compounds to these cultures and measuring the 
ettect on T-cell proliferation. 

Examnte 31 r 

Suppression of Human T-Cell ProiiferaUon Assay 

Fresh I^ukoPaks were obtained from the New York Blood 
Center, New York. NY. The cells, including erythrocytes and 
J^m?S^^' "^^7,'*^'^^^'^ "^'^ Balanced Salt Solution (HBSS) 
PhS A^S^/'^M "^l ^^^^^ Lymphoprep (Nycomid 
Pharma AS. Oslo, Norway) m sterile 50 ml conical centrifuge tubes 
Lymphocytes were isolated at the Hank's/Nycomed interface after ' 
cenmfugation at 2000 X g. 4 oc for 15 min. The lymphocytes were 
washed with M^al Essential Medium (GIBCO) containing 2% fetal 
bovme serum (FBS) (Sigma Chemical Co.. St. Louis, MO) 1% HEPES 
buffer (GIBCO) and 1% Penicillin-Stretomycin solution (GIBCO) 
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T-cells were further purified essentially by sheep erythrocyte 
(SRBC) resetting as described by Morimoto et al., 1983, J. Immunol. 
130:157. The isolated lymphocytes were adjusted to 2 X 10*7 cells/ml 
and 5 ml aliquots of the cell suspension were incubated for 10 
minutes at room temperature with 5 ml of a 5% SRBC (Cappel, 
Organon Technika Corp., West Chester, PA) suspension. The cells 
were gently pelleted by centrifugation at 300 rpm for 10 minutes, 
followed by a 1 hour incubation at room temperature to allow rosette 
formation. The cells were gently resuspended, layered over 
L>Tnphoprep and centrifuged for 30 minutes at 500 X g. The pellet, 
containing rosetted T-cells and SRBC was treated with ice cold 
buffered ammonium chloride (GIBCO) to lyse the erythrocytes. T- 
cells were washed twice with HBSS, 

Purified T-cells were resuspended at 2 X 10^ cells /ml in 
complete culture medium composed of RPMI-1640 (Whittaker 
Bioproducts, Walkerville, MD) with 10% FBS (Sigma), 2 mM L- 
glutamine (GIBCO), 1% Penicillin-Streptomycin (GIBCO) and 15 mM 
HEPES (GIBCO). In 96-well plates (Becton Dickinson, Lincoln Park, 
NJ), 0,1 ml aliquots of T-cell suspension were mixed with 0.05 ml of 
40 |ig/ml PHA-M (Sigma). The compounds of this invention were 
dissolved in dimethylsulfoxide at 10 mM and various dilutions in 
complete medium were added in duplicate wells (0.05 ml/well). The 
plates were incubated at 37 oc in a humidified atmosphere of 5% 
carbon dioxide and 95% air for 72 hours. 

Proliferation was assessed by measurement of [^H] -thymidine 
incorporation. During the last 6 hours of incubation, the cells were 
pulse labelled with l^Ci/well of [3 H] -thymidine (New England 
Nuclear, Boston, MA). The ceUs were harvested onto glass fiber 
paper using a plate harvester and the radioactivity incorporated into 
cellular DNA corresponding to individual wells was measured by 
standard liquid scintillation cotmting methods. The mean counts per 
minute (CPM) of replicate wells was calculated and linear regression 
analysis of mean CPM versus compound concentration was used to 
determine the concentration of compound which would inhibit [^H]- 
thymidine incorporation of T-cells by 50% (IC50). 

The results of this assay, presented in Table 2, are 
representative of the intrinsic Lmmunosuppresive activity of the 
compounds of the present invention. Thus, concentrations less than 
10 nM of some of the preferred compounds suppress the T-cell 
proliferative response by 50%. 
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txample No. 


ICSO (UM) 






1 


29 


2 


7 


3 


ND 


4 


NO 


5 


43 


6 


46 


7 


0,7 


8 


ND 


9 


>50 


10 


27 


11 


6 


12 


3 


13 


5 


14 


16 


15 


30 



TABLE 2 



Example No. 


ICso (uM) 






16 


<6 


17 


<6 


18 


<6 


19 


<6 


20 


ND 


21 


6 


22 


14 


23 


4 


24 


17 


25 


ND 


26 


.72 


27 


1.0 


28 


.9 


29 


1.7 







where ND means "not determined" 

3) NF-AT Assay 

Stimulation of T-ceUs leads to the appearance of several 
transcription factors, including one designated "NF-AT" These 
l^.?r,^^ involved in regulation of gene expression required for 

t™ve funSio^^'^^''°^-.^°°^^ transcription factors appear 

to nave functions ma wide variety of cell tynes Bv contrast npat 
^ fovmd primarjy in T-cells and its role is^stSct/d to e^^'g^t 
activation. In addition, NF-AT activity is inhibited by the 

Q^?^^' ^P' Cy^osporin A and FK506 (Schreiber and 
Cxabtree, 1992, Immunology Today 13:136). ^ 

PPT _^^i^on of NF-AT activity is measured using FGL-5 cells 

a co4Su« ;'rr't"S^ '"^""'^ transfected Jurkat T-cells ^afcontain 

site SSi t^n^^^"*^^^. T"^.^. '^°P^^^ °f NF-AT DNA binding 

(Se^g?t^So G^l^n^^,^"°^' ^^^^odingE-galactosidase 
vrzcnng et ai., lyyo. Genes & Development 4:1823) When rh**^^ r-^iic 

Sd cSStn^S.^^^^^ .-^T activate ^roll^^^c'^^ 

. ^ ionophore to raise the intracellular calcium 
concentration transcriptionally active NF-AT is produced In T-cells 
this normally leads to the expression of IL-2. T-cell growj Sct^r 
However, m FGL-5 cells NF-AT activation leadsTolhf p^uS^n of 
sul^^iS"" ""^"^ ""''^^^^ "^-^ - appropriate °' 
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FGL-5 cells were cultured with phorbol ester, calcium 
ionophore and the compounds of the present invention to measure 
inhibition of &-galactosidase activity, as shown below. 

Example ?2; 

NF-AT Inhibition Assay Directed B-Galactosidase Expression 

This assay was performed essentially as described (Bierer et 
al., 1990, Proc. Natl, Acad. Sd. 87:9231), FGL-5 ceUs were maintained 
in medium consisting of RPMI-1640 with 10% FBS, 2 mM 
L-glutamine, 1% Penicillin- Streptomycin and 15 mM HEPES buffer. 
The assays were done with exponentially growing cells whose 
density was not greater than 0.5 million cells/ml. The cells were 
resuspended to 3 million cells/ml in medium and 0.1 ml was added 
to wells of a 96-well plate. 

The compounds of the present invention were dissolved in 
either ethanol or dime thy Isulf oxide at 10 mM and 0.05 ml/well of 
various dilutions in medium were added to cells in duplicate wells. 
Treatment controls consisted of dupUcate wells to which 0.05 
ml/well of either medium, ethanol or dimethylsulf oxide was added. 
The ethanol and dimethyl sulfoxide were at the same concentration 
as was used for the compounds. Cells were incubated with 
compounds at room temperature for 10-15 minutes. Phorbol 
dibutyrate (Sigma) and lonomycin (Calbiochem) were dissolved at 50 
ji g/ml and 2 mM, respectively and stored at -70 

FGL-5 cells were stimulated by diluting these reagents with 
medium to 200 ng/ml and 8 laM, respectively and adding of 0,05 
ml/well. For unstimulated cell controls, 0.05 ml/well of medium was 
added to duplicate wells. The plates were incubated overnight 
(16-18 hours) at 37 oc in a humidified atmosphere of 5% CO2 and air. 

l?i-galactosid;^se activity was measured as the fluorescence 
generated by the cleavage of 4-methyl umbeUiferyl-E-D-galactoside 
(Sigma) at the &-galactoside bond. After overnight incubation, the 
cells were centrifuged at 500 x g for 3 minutes in the 96-well plates 
and washed 3 times with PBS. The cells were then resuspended in 
0.18 ml/well of reaction medium containing 100 mM sodium 
phosphate buffer, pH 7.0, 10 mM potassium chloride, 1 mM 
magnesium sulfate, 0.1% Triton X-100 (Pierce, Rockford, IL), and 0.5 
mM 4-methylumbelliferyl-E-D- galactoside. 
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The fluorescence at 460 run using 355 nm excitation was 
measured at intervals over 1-2 hours (during which fluorescence 
increased linearly with time) with a LS50 Luminescence 
Spectrometer (Perkin Elmer). 

The percent inhibition by each concentration of the compounds 
was calculated as: 

1 -(fluorescence with compound - unstimulated control) 
% Inhibition = . ^ jqq 

(fluorescence with solvent alone - unstimulated control) 

The values of the concentration of compounds required for 50% 
inhibition (IC50) were determined by linear regression analysis of the 
percent inhibition at various compound concentrations. 

The results of this assay presented in TABLE 3 are 
representative of the intrinsic immunosuppresive activity of the 
compoimds of the present invention. Compounds that inhibited 
NF-AT directed fi-galactosidase expression by stimulated FGL-5 cells 
with IC50 of 10 mM or less also inhibited mitogen induced T-cell 
proliferation, e.g., compoimds of Example Nos. 19, and 22. 



Example No. 


IC50 (HM) 






1. 


ND 


2 


13 


3 


ND 


4 


ND 


5 


ND 


6 


ND 


7 


1 


8 


ND 


9 


ND 


10 


ND 


n 


8 


12 


>1S 


13 


>1S 


14 


ND 


15 


ND 



TABLE 3 



Example No. 


IC50 (HM) 






16 


ND 


17 


ND 


18 


ND 


19 


ND 


20 


ND 


21 


19 


22 


29 


23 


>15 


24 


9 


25 


ND 


26 


ND 


27 


ND 


28 


ND 


29 


ND 







where ND means "not determined' 
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4) Adjvant Arthritis 

Rats sensitized to mycobacterial antigens in Complete Freund s 
Adjuvant can develop a rapidly destructive adjuvant arthritis. 
Adjuvant arthritis appears to be an autoimmune disease. Thus, T 
lymphocytes from immunized donors can transfer the disease to 
naive recipients (Pearson and Wood, 1964, J. Exp. Med, 12Q:547,) and 
susceptibUity is controUed, at least in part, by class n MHC genes 
(Batisto, et al. 1982, Arthritis Rheum. 2^:1194). The induction of 
adjuvant arthritis can be inhibited by immunosuppressant drugs, 
e.g.. Cyclosporin A (Borel, et al„ 1976, Agents and Actions. 6:468) and 
azaspiranes (Badger, et al. 1989, Int. J. Immunopharmac. 11:839) 



Example 33: 

Adjuvant Arthritis Model in the Rat 

Complete Freund's adjuvant is made by supplementing extra 
heavy miineral oU with 10 mg/ml heat killed Mycobacterium 
butyricum (Difco Laboratories, Detroit, MI), Lewis rats (Charles 
Rivers, WiUmington, MA) are given a 0.1 ml injection of adjuvant (1 
mg/animal mycobacterium) subcutaneously into the right hind 
footpad. In the injected foot, an acute inflammatory reaction occurs 
which is characterized by erythema, edema and a predominantiy 
neutrophUic cell infdtrate. This is followed by edema in the 
uninjected contralateral foot by days 10-12, This secondary 
response is accompanied by a predominantly mononuclear cell 
infdtrate, indicating the presence of cell-mediated immunity. 

The immune response is quantitated by measuring the change 
in ankle diameter of the uninjected hind paw from day 0 to day 16 
post sensitization. This is accomplished using a hand-held dial 
micrometer. Animals are administered test drugs, suspended in a 
vehicle consisting of 5% polyethylene glycol and 0,5% Tween-80 
(Sigma Chemical Co., St. Louis, MO) in phosphate buffered saline 
(GIBCO, Grand Island, NY) , Lp. on days -1, 0, 2, 5, 7. 9, 12 and 14. 
Several compounds when administered at 10 mg/kg/dose uihibited 
the swelling in the iminjected limb compared with the control groups 
that were sensitized with Complete Freund's Adjuvant but received 
only the vehicle i.p. (Table 4). 
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TABLE 4 



Experiment 
No. 


Compound 


A Ankle 
Diameter 


% Inhibition 


Experiment 1 


None 


3.3±0.5 (mm) 


0 




Example 11 


3,2±0.3 (mm) 


4 










Experiment 2 


None 


3.7+0.6 (mm) 


0 




Example 7 


2.6±0.4 (mm) 


30 




Example 24 


2.1±0.6 (mm) 


43 
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1. A compound essentially containing at least one of the following 
structures: 



A — N- 




o=c — x^— z 



where 

n = an integer of 2 or 3; 
Ri is hydrogen or methyl 

R2 and R3 are defined as follows: one of R2 and R3 is hydrogen and 
the other is straight or branched alkyl (C1-C8). These straight or 
branched all^l groups may be substituted by cydoalkyl (C3-C8), 
[phenyl or a phenyl substituted up to twice by hydroxy, alkoxy (CI 
C4) or alkyl (C1-C4). 



Z is hydrogen, or alkyl (C1-C5), and the alkyl may be substituted 
wdth phenyl. Z may also be the fragment 



where 

R4 is straight or branched Blkyl (C1-C8), which may be 
substituted by cydoalkyl (C3-C8), phenyl, or a phenyl substituted 
once by hydroxy, alkoxy (C1-C4) or alkyl (C1-C4). 

X2 is oxygen or NRlO, where Rio is hydrogen. 

R5 is alkyl (C1-C5), which may be substituted with phenyl. 

A is either hydrogen, or an amino add derivative 





o 



or the firagmcnt 
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where 

R6 is an alkyl group (C1-C4) that may be substituted by 
cydoalkyl (C6), phenyl, alkoxy (C1-C4), benzylo;^^, carboxamido, 
or phenyl substituted by hydroxy, alkoxy (C1-C4) or alkyl (Cl- 
C4), 

R7 is hydrogen, an acetyl, an amino add, an alkoxycarbonyl (- 
C02R') where is a straight or brandied alk/1 group (C1-C8) 
which may be substituted by phenyl or an alkene (C2-C6), or an 
amino add derivative in which the nitrogen is substituted by a 
straight or branched alkoxycarbonyl (C1-C6) that may be 
substituted by phenyl or an alkene (C2-C6). 

E is o^o^gen. 

m is an integer of 0 or 1. 

R8 is hydrogen, straight or branched alkyl (C1-C7), which may be 
substituted by cydoalkyl (C3-C7), phenyl, alkoxy (C1-C4), or 
benzyloxy 

XI is oxygen or NR9, where R9 is hydrogen or methyl. 

2, A therapeutic composition for suppressing the proliferation of 
human T-lymphocytes, comprising an effective amount of the 
compoimd according to daim 1, 

3, A compound essentially containing at least one of the following 
structures: 



where 

n « an integer of 2 or 3; 
Rl is hydrogen or methyl 

R2 and R3 are defined as follows: one of R2 and R3 is hydrogen and 
the other is straight or branched alkyl (C1-C6). These straight or 
branched alkyl groups may be substituted by cydoalkyl (C5-C6), 
phenyl, or a phenyl substituted once by hydroxy or methox>'; 




o-c— x^— 2 
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Z is hydrogen, or alkyl (C1-C3), and the alkyl may be substituted 
with phenyl. Z may also be the fragment 

o 

— CH-C— X2— rS 
R< 

R4 is straight or branched alkyl (C1-C6), which may be substituted by 
cycloalkyl (C5-C6), phenyl, or a phenyl substituted once by hydroxy 
ormetho;^ 

X2 is oxygen or NRlO, where RlO is hydrogen. 

R5 is alkyl (C1-C5), which may be substituted with phenyl. 

A is either hydrogen, or an amino acid derivative 

C OH pj-R' or the fragment -C-(e4— r" . 
R« ^ 'm 

where 

R6 is an alkyl group (C1-C4) that may be substituted by 
cycloalkyl (C6), phenyl, alkoxy (C1-C4), benzyloxy, or 
carboxamido; 

R7 is hydrogen, an acetyl, an amino add, an alkoxycarbonyl (- 
C02R') where R' is a straight or branched alkyl group (C1-C6) 
which may be substituted by phenyl or an alkene (C2-C6), or an 
amino acid derivative in which the nitrogen is substituted by a 
straight or branched alkoxycarbonyl (C1-C6) that may be 
substituted by phenyl or an alkene (C2-C6). 

E is oxygen. 

m is an integer of 0 or 1. 

R8 is hydrogen, straight or branched alkyl (C1-C7), which may be 
substituted by cycloalkyl (C3-C7), phenyl, alkoxy (C1-C4), or 
benzyloxy 

Xl is oxygen or NR9, where R9 is hydrogen or methyl. 
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4. A therapeutic composition for suppressing the proliferation of 
human T-lymphocytes, comprising an effective amount of the 
compound according to claim 3. 

5. A compoimd essentially containing at least one of the following 
structures: 



where 

n = an integer of 2 or 3; 
Ri is hydrogen 

R2 and R3 are defined as follows: one of R2 and R3 is hydrogen and 
the other is straight or branched alkyl (C1-C4). These straight or 
branched alkyl groups may be substituted by cycloalkyl (C6), or 
phenyl; 

Z is hydrogen, methyl, or methyl substituted with phenyl. Z may also 
be the fragment 



R4 is straight or branched alkyl (C1-C4), which may be 
substituted with 4-methoxypt^^iiyl> benzyloxy 

X2 is oxygen or NRlO, where RiO is hydrogen. 

R5 is methyl or methyl substituted by phenyl. 

A is either hydrogen, or an amino add derivative 




o»c— x^— z 



o 

— CH-C— x2— r5 
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r6 is a methyl group that may be substituted by a cydoalkyl 
(C6) or carboxamido. 

R7 is hydrogen, an alkoxycarbonyl (-C02R') where R' is a straight 
or branched alkyl group (C1-C5), or a phenylalanine derivative 
in which the nitrogen is substituted by a straight or branched 
alkoxycarbonyl (C1-C6). 

E is oxygen, 

m is an integer of 0 or 1. 
R8 is straight or branched alkyl (C1-C5) 
Xl is oxygen or NR9, where R9 is hydrogen or methyl. 

6. A therapeutic composition for suppressing the. proliferation of 
human T-lymphocytes, comprising an effective amount of the 
compound according to claim 5. 

7. The compound of daim 5 being l-[l-[2-(S)-[[4-Amino-2-[[(l,l- 
dimethylethoxy)carbonyl] amino]-! ,4-dioxobutyl] amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine Methyl Ester, 

8. The compound of claim 5 being l-[l-[2-(S)-[(2-(S),4-Diamino-l,4- 
dioxobutyl)amino]-3-phenylpropyl3-L-proline]-L-isoleucine, 

9. The compound of claim 5 being l-[l-[2-(S)-[(2-(S),4-Diamino-l,4- 
dioxobut>'l)amino]-3-phenylpropyl]-L-proline]-L-isoleucine Methyl 

Ester. 

10. The compound of daim 5 being l-[l-[2-(S)-[[4-Amino-2-(S)- 
[[( 1 , l-dimethylethoxy)carbonyl] amino]-l ,4-dioxobutyl] amino]-3- 
phenylpropyl]-L-proline]-L-isoleucine Benzylamide. 

11. The compound of daim 5 being l-[2-(S)-[[(l,l- 
Dimethylethoxy)carbonyl]amino]-4-methylpentyl]-L-proline 

PLenylmethyl Ester. 

12. The compound of daim 5 being l-[2-(S)-[[(l,l- 
Dimethylethoxy)carbonyl]amLno]-4-methylpentyl]-L-proline Methyl 

Ester. 
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13. The compound of claim 5 being l-[l-[2-[[(l,l- 
Dimethylethoxy ) carbonyl] amino] -4-methylpentyl] -L-proline] -L- 
Isoleucine Phenylmetliyl Ester. 

14. The compound of claim 5 being l-Methyl-l-[l-[2-(S)-[[(l,l- 
dimethylethoxy)carbonyi]amino]-4-met±iylpentyl]-L-proline]-L- 
Tyrosine(O-Methyl) Methyl Ester, 

15. The compound of claim 5 being l-[l-[2-(S)-[[4-Amino-2-(S)- 
[[( 1 , l-dimethylethoxy)carbonyl] amino]-! ,4-dioxobutyl] amino]-4- 
methylpentyl]-L-proline]-L-isoleucine Phenylmethyl Ester 

16. The compound of claim 5 being l-[l-[2-[[3-Cyclohexyl-2-(S)- 
[[( 1 4Hiimethylethoxy)carbonyl]amino]-l-oxopropyl]anuno]-4- 
methylpentyl]-L-proline]-L-isoleucine Phenylmethyl Ester. 

17. The compound of claim 5 being l-[l-[2-(S)-[[l-[2-(S),4-Diamino- 
1 ,4-dioxobutyl] aniino]-4-methylpentyl]-L-proline]-L-isoleucine 
Phenylmethyl Ester. 

18. The compound of claim 5 being l-[l-[2-(S)-[[2-(S)-amino-3- 
cyclohexyH-oxopropyl]amino]-4-methylpentyl]-L-proline]-L- 
isoleucine Phenylmethyl Ester. 

19. The compound of claim 5 being l-[l-[2-[[4-Amino-2-(S)-[[(l,l- 
dimethylethoxy)carbonyl] amino]- 1 ,4-dioxobutyl] amino] -3 - 
phenylpropyl]-L-proline]-L-Isoleucine. 

20. The compound of claim 5 being l-[l-[2-(S)-[[l-[l-[(l,l- 
Dimethylethoxy ) carbonyl]-L-phenylalanyl]-L-asparaginyl] aniino]-4- 
methylpentyl]-L-proline]-L-isoleucine Phenylmethyl Ester. 

21. The compound of claim 5 being l-[l-[2-(S)-[[l-[2-(S)-Amino-l- 
oxo-3-phenylpropyl]-L-asparaginyl]amino]-4-methylpentyl]-L- 
proline]-L-isoleucine Phenylmethyl Ester 

22. The compound of claim 5 being l-[l-[2-(S)-[[(l,l- 
Dimethylethoxy ) carbonyl] amino] -4-methylpentyl] -L-proline] -L- 
isoleucine Benzylamide. 

23. The compound of claim 5 being l-[l-[2-(S)-[[(l,l- 
dlmethylethoxy) carbonyl] amino] -3 -cyclohexylpropyll -L-proline] -L- 
isoleucine Benzylamide. 
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24. The compound of claim 5 being l-[l-[2-{S)-[[(l,l- 
dimethylethoxy)carbonyl]amino]-3-methylbutyl]-L-proline]-L- 

isoleucine Benzylamide. 

25. The compound of claim 5 being l-[2-(S)-[[(l,l- 
Dimethyletlioxy)carbonyl]amino]-3-{S)-methylpentyl]-L-proline]-L- 

isoleudne Benzylamide. 

26. The compound of daim 5 being l-[l-[2-(S)-[[2-(S)-[[(l,l- 
Dimet±iylethoxy)carbonyl]ajiuno]-lH3xo-3Kyclohexylpropyl]amino]- 

4-methy Ipentyl] -L-proline] -L-isoleucine Benzylamide. 

27. The compound of claim 5 being l-[l-[2-(S)-[2-(S)-amino-l-oxo- 
3-cyclohexylpropyl]amino]-4-methylpentyl]-L-proline]-L-isoleucine 

Benzylamide. 

28. The compound of claim 5 being l-[l-[2-[[(l,l- 
Dimethylethojcy) carbonyl] amino]-3-( S) -methylpentyl] -L- 
homoproline]-L-isoleucine Benzylamide. 

29. The compound of claim 5 being l-[l-[2-[[(l,l- 
Dimethylethoxy)carbonyl]amino]-4-methylpentyl]-L-homoproline]- 

L-isoleucine Benzylamide, 

30. The compound of claim 5 being l-[l-[2-[[(l,l- 
Dimethylethoxy ) carbonyl] amino]-3-( S ) -methylpentyl]-L- 
homoproline]-L-threonene(OBenzyl Ether) Benzylamide. 
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